Methods

Participating Facilities and Patients
The study group consisted of 4,629 patients (2,989 men, mean age 64.9±10.3 years; 1,640 women, mean age 67.2± 9.7 years). The principal design of the J-ACCESS study is described elsewhere. 20 The most frequent complication was hypertension (54.5%), followed by hyperlipidemia (47.2%) and diabetes (29.4%). Percutaneous coronary intervention (PCI) or coronary artery bypass grafting was conducted on 1,925 of the studied patients. 19 The SPECT examinations were performed for further examination of chest pain (32.8%), periodic follow up after coronary artery intervention (24.2%), screening for coronary artery disease (15.1%), follow up of old myocardial infarction (14.9%), more detailed investigation or abnormalities of ECG (13.1%), etiological assessment of heart failure (1.6%), and further inspection for acute coronary syndrome (0.3%).
The following conditions were imposed upon facilities wishing to participate in the J-ACCESS study 20 : stress and rest myocardial perfusion SPECT using 99m Tc-tetrofosmin and quantitative gated SPECT (QGS software; Cedars Sinai Medical Center, Los Angeles, CA, USA) analysis, with at least 30 patients registered during a defined period, and follow-up surveys for 3 years after registration. The inclusion criteria for the patients were: ≥20 years of age, and scheduled to undergo stress/rest ECG-gated SPECT due to suspected or existent ischemic heart disease. Patients with acute myocardial infarction or unstable angina pectoris within 3 months, valvular heart disease, idiopathic cardiomyopathy, severe arrhythmia, or heart failure with class III or higher New York Heart Association functional classification, or severe liver or renal disorders were excluded from the study. The registration period was from October 1, 2001 to March 31, 2002 . The investigators were asked to comply with the Declaration of Helsinki, and for their Institutional Review Boards to approve their participation in the study in principle, and to receive the written informed consent of each patient who participated in the survey.
99m Tc-Tetrofosmin SPECT Stress 99m Tc-tetrofosmin imaging was performed at each institution. The protocol of the stress scans was whatever method was used routinely at each facility; that is, the exercise equipment, or the pharmaceutical and its administration method to induce stress were not particularly regulated. Resting gated SPECT was quantitatively analyzed with QGS software in each hospital. QGS analysis under stress was not obligatory, and when it was accomplished, data regarding the stress method and the analytical results were compiled. The heart rate and ECG findings during the stress test were also surveyed.
Patient Background Data
Age, gender, height, weight, subjective symptoms, history of present illness, medical history, risk factors, obesity and treatment before SPECT examination, including revascularization and medication, were surveyed.
Findings of Other Examinations
The survey documented whether ECG at rest, ECG under exercise stress, chest X-ray photogram, echocardiography, coronary angiography (CAG) and left ventriculography had been conducted. If hematological or blood biochemistry tests had been conducted within 2 months before or after SPECT imaging, then the date and the results were recorded.
Follow-up Survey
The occurrence and nature of cardiac events were investigated at 1, 2 and 3 years after registration. PCI, including plain regular balloon angioplasty stenting, directional coronary atherectomy and rotablator atherectomy, as well as CAGB, recurrent angina and non-severe heart failure, were classified as soft events. Death (cardiac death and non-cardiac death), myocardial infarction and heart failure requiring hospitalization were classified as hard events. All events were defined to include both soft and hard events. Among the 4,629 participants, 4,406 (95.2%) completed 3 years follow up. 20 A total of 223 were excluded because of the inability to follow up or for not cooperating with the study. Cardiac events within 60 days after nuclear testing (n=375) were censored from the prognostic portion of the analysis. 20, 23 
SPECT Image Interpretation
Each hospital used the same method for image interpretation with a semi-quantitative scoring system. Each of 20 segments was scored according to a 5-point scheme to provide a systematic and reproducible method for scan interpretation. The 20-segment scoring system uses 3 short-axis slices (apical, mid and basal) of the left ventricle, with the apex represented by 2 segments visualized on a midvertical long-axis image. 5, 20 Each segment was scored as follows: 0, normal; 1, slight reduction of uptake; 2, moderate reduction of uptake; 3, severe reduction of uptake; and 4, absence of radioactive uptake. For each stress image, the segmental scores were summed to derive summed stress score (SSS). For this analysis, each participant had a low-risk SPECT scan, which was defined as normal if the SSS was ≤3. 5 The left ventricular ejection fraction (LVEF, %), end-diastolic volume (EDV, ml), and end-systolic volume (ESV, ml) were obtained from the QGS analysis.
For data analysis, the QGS program was applied to process short-axis tomograms to determine LVEF and ESV, EDV. 20, 34 The reproducibility in ejection fraction (EF) and volumes within each workstation was validated, even though the gated SPECT preferences varied. 21 Normal limits for gated SPECT and QGS software were determined based on the J-ACCESS database, which has been compiled since 2001. 22 In the present study, we defined ESV as normal range when it was ≤60 ml or ≤40 ml for men and women, respectively. Therefore, the defined gated SPECT images were considered normal when the LVEF was ≥49% or ≥55% for men and women, respectively. 22 
Data Analysis and Statistics
The mean, standard deviation, median and percentile of distribution were calculated for each group. Differences between clinical status and cardiac events were compared using chi-square test.
The outcome measures used overall 3-year event-free survival as endpoints in the study. Descriptive statistics were calculated for each prognostic variable. Further estimation of risk was performed using Cox proportional hazard models to determine the independent predictor of cardiac events. The probability of survival was calculated using the Kaplan -Meier method. A p-value <0.05 was considered significant.
Results
Of 4,629 registered participants in the J-ACCESS study, 1,862 had a SSS of ≤3, which was considered normal based on SPECT image data. Myocardial perfusion was normal in 46.2% of this study population. The QGS functional data revealed 3,459 participants were considered normal based on the criteria of ESV ≤60 ml in men and ESV ≤40 ml in women. Also, 3,344 participants were found to be normal based on the criteria of EF ≥49% in men, and EF ≥55% in women. Table 1 shows the number of participants who met normal criteria and cardiac events. Participants with a SSS of ≤3 are grouped in selection criteria I (n=1,862). Selection criteria II (n=1,786) consists of participants with a SSS of ≤3 and normal ESV, as defined above for each gender. Selection criteria III (n=1,742) consists of subjects with a SSS of ≤3, normal ESV and normal EF, as defined above.
Clinical Characteristics of Normal Scintigraphic Results
Among participants with normal scintigraphic results, listed in Table 2 are the prevalence of coronary risk factors and history of myocardial infarction, and whether participants had undergone a CAG or PCI. Fig 1A demonstrates Kaplan -Meier analysis curves for all cardiac events among participants with normal scintigraphic results. During the follow-up period of 3 years, there was a total of 211 cardiac events (11.3%) in patients grouped in selection criteria I, 196 cardiac events (11.0%) in patients grouped in selection criteria II, and 189 events in patients grouped in selection criteria III (10.8%). The prognostic value of the QGS functional data is also shown. Fig 1B shows the survival curve for hard events. Percentage of annual cardiac hard events were 0.81%, 0.67% and 0.63% in selection criteria I, II and III, respectively. The numbers of cardiac deaths were 14, 13 and 11 in selection criteria I, II Tables 1,2. and III, respectively. The numbers of myocardial infarction were 17, 17 and 16 in selection criteria I, II and III, respectively. The numbers of severe heart failure were 18, 17 and 11 in selection criteria I, II and III, respectively.
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Relationship Between Scintigraphic Results and Cardiac Events
Relationship Between Clinical Status and Cardiac Events
The relationship between clinical status and hard events in each selection criteria is listed in Table 3 . Participants aged ≥70 years showed more all events compared with those younger than 70 years (p=0.008, p=0.002 and p=0.007 in selection criteria I, II and III, respectively). Participants with diabetes mellitus had significantly more all events than those without diabetes (p=0.005, p=0.003 and p=0.0009 in selection criteria I, II and III, respectively).
The relationship between clinical status and all events in each selection criteria is listed in Table 4 . Participants aged ≥70 years showed more all events compared with those younger than 70 years (p=0.0002, p=0.003 and p=0.006 in selection criteria I, II and III, respectively). Participants with diabetes mellitus had significantly more all events than those without diabetes (p=0.0002, p=0.0002 and p=0.0001 in selection criteria I, II and III, respectively). There were significantly more all events in patients in whom CAG was performed (p<0.0001 in selection criteria I, II and III). Men had more all events than women (p=0.006, p=0.0102 and p=0.0144 in selection criteria I, II and III, respectively). Patients with a history of myocardial infarction had significantly more all events than those without (p=0.0248, p=0.0389 and p=0.0378 in selection criteria I, II and III, respectively). A slightly higher number of events occurred in patients who had undergone a PCI, although it was not statistically significant (p=0.0759, p=0.0896 and p=0.0896 in selection criteria I, II and, III, respectively). Thus, we selected candidate predictors for the subsequent multivariate analyses.
The ability of prognostic variables to predict all cardiac events was examined by multivariate Cox proportional hazard analysis. Table 5 shows that diabetes mellitus was an independent predictor of all cardiac events in all selection criteria (hazard ratio 1.92, 1.96 and 2.00 in the criteria I, II and III, respectively, and 95% confidence intervals of 1.36-2.72, 1.37-2.82 and 1.38-2.90 in the criteria I, II and III, respectively). Age and hypertension were independent predictors of all cardiac events in all selection criteria.
Discussion
The present J-ACCESS study demonstrated the low risk associated with normal myocardial perfusion imaging. It also demonstrated the importance of the incremental information provided by stress SPECT images alone. Moreover, cardiac function analysis by QGS adds incremental prognostic information, as shown in the study by Nishimura and colleagues. 1 Myocardial perfusion was normal in 46.2% of the present study's population. The findings have important clinical implications because these patients can be exempted from further invasive procedure. 12, 17 A policy of proceeding directly with CAG in patients with normal perfusion and QGS data has, in the past, resulted in subjecting patients to a higher number of cardiac events, whereas patients with normal SPECT images can expect a good prognosis. With a risk-based approach, the focus is not on predicting which patients have anatomic coronary artery disease but on identifying those patients at risk for cardiac death or non-fatal myocardial infarction. 2 This type of management strategy results in cost efficiency and substantial cost savings compared with a more aggressive, invasive diagnostic workup strategy that includes diagnostic cardiac catheterization. 12 In the present study, the cardiac event rate was significantly higher for patients aged ≥70 years or for diabetic patients. A previous study has revealed that the elderly are at a higher risk, with an increased underlying disease and event burden that prevents identification of those at very low risk. 27 Elderly or diabetic patients are often unable to exercise adequately. J-ACCESS includes a larger cohort of elderly patients and those who underwent pharmacological stress tests compared with studies done in the USA. 20 Published prognostic studies performed in the USA in patients who underwent pharmacologic stress indicate that such patients are considered at higher risk. [6] [7] 23 Therefore, the annualized hard event rate of 0.63% for the present study's population is as low as that of studies conducted in the USA. [4] [5] [6] Risk stratification is essential to the development of evidence-based strategies for improved patient care in medicine. 2, 33 Prognostic values of left ventricular functional parameters using QGS have been demonstrated by multiple studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] 23, 36 Previous studies found that post-stress LVEF and post-stress ESV assessed during gated SPECT had incremental predictive value in predicting cardiac death. In part, normal myocardial perfusion imaging was associated with a very low likelihood of cardiac death or myocardial infarction. 4, 8 The American Society of Nuclear Cardiology assumed that patients would undergo no further testing after a normal SPECT study. 37 The present study showed that normal perfusion imaging and cardiac function are associated with a very low risk in the Japanese population. This does not mean a long-term, cardiac event-free period, especially in patients with diabetes, because studies of long- term outcomes after a normal stress radionuclide study are scarce. Furthermore, the absence of angina does not necessarily confer a benign prognosis in patients with diabetes, since silent myocardial ischemia occurs in more than 1 in 5 asymptomatic diabetic patients. 38, 39 Following on from the J-ACCESS study, the J-ACCESS II study has been started to investigate myocardial ischemia and risk stratification among patients with type-2 diabetes. Because of a greater frequency in atypical presentation, physicians should rely on imaging results more often, to guide management decisions. 33 In an era of cost containment, it becomes increasingly important to improve clinical-and cost-effectiveness in patient care. 29, 30 Thus, in clinical practice, SPECT imaging is being employed frequently as a first-line test. 33 The present study, based on the J-ACCESS data, has shown that patients with normal perfusion imaging require a watchful waiting approach to care in Japan. 12, 17 The study's results indicate that using stress myocardial SPECT images as a gatekeeper to selective catheterization should result in a reduction in costs. 29, 30 
Conclusion
Normal stress myocardial perfusion imaging in the Japanese population is associated with a low cardiac event risk. These results are consistent with prior large registries. The prognosis results of a normal SPECT scan should be employed to achieve risk stratification and for better management of patients with suspected coronary artery disease.
